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INTRODUCTION

This report covers the investigation of the input impedance char-
acteristics and the radiation patterns of a log-periodic monopole
antenna when flush mounted in a dielectric filled cavity. The work
has four objectives:

(1) To illustrate basic design considerations of a log-periodic

monopole antenna for use in a dielectric medium,

(2) To show that the driving point impedance characteristics

of the antenna repeat periodically with frequency when the

antenna is submerged in a dielectric filled cavity,

(3) To show that the radiation pattern is essentially independent

of frequency,

(4) To provide preliminary information necessary for the

detailed analysis of a log-periodic antenna when flush-mounted

in a dielectric filled cavity.

The basic log-periodic structure employed in this study was the
log-periodic monopole antenna (see Figure la). The H-plane radiation
field equation for a log-periodic monopole antenna over an air filled
cavity was derived. An approximate solution of this equation was made.
The main lobe direction and shape was predicted for the air filled
cavity. This lobe pattern was compared with air cavity pattern

measurements.



Radiation pattern and impedance measurements were made on the
air cavity model and on models in which relative dielectric constants
were 2.25 and 4. 00, The measurements were made at frequencies
between 2.0 Gc and 4.0 Ge. The equation for the dielectric filled
cavity was set up but solution of the equation is possible only by com-
puter methods. Work is progressing on programming the radiation
equations for the IBM 1620 computer. Comparisons between predic -
tions and measurements for dielectric filled cavities will be the

subject of a future report.
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Figure la. Log=-periodic monopole antenna. This antenna (solid
lines) is an approximation of the triangular -tooth structure (dashed

lines).
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Figure 1b. Mounted log-periodic monopole antenna.



HISTORY

Antennas having unusually wide frequency bandwidths were
first mentioned in the literature by DuHamel and Isbell (1957).

Their paper described a structure which was called a log ~-periodic
antenna because its radiation and impedance characteristics repeated
periodically with the logarithm of frequency. Since 1957 several
papers have been presented describing various studies of different
types of log-periodic structures, for example: DuHamel and Ore
(1958), and Dyson (1962).

The first log-periodic antennas had solid teeth. DuHamel
and Ore (1959) studied planar and non-planar triangular-tooth
antennas, trapezoidial-tooth structures, and non~planar triangular-
tooth structures. Some of these antennas consisted of wire outlines
for the teeth and were found to perform almost as well as the solid
tooth antennas.

In 1960, Bell, Elfving, and Franks made near~field measure~
ments of a triangular-tooth log~-periodic antenna. These measure-
ments suggested that each tooth could be approximated as a single
thin linear element. The structure resulting from this approximation,
and utilized in this study, is shown in Figure la. This unit is
mounted above and at an angle to a reflecting sheet as shown in

Figure lb. It is referred to as a log-periodic monopole antenna.



This antenna is equivalent to one half of the log~periodic dipole array
investigated by Isbell (1960).

Brownell (1961) studied the log-periodic monopole antenna placed
over a ground plane and verified that the structure still maintained its
log~periodic characteristics for various angles of the antenna with
respect to this ground plane. Brownell also suggested that this
antenna be investigated for use in a cavity. The results of this study
were reported by Clark, Jones, and Leigh (1962).

The work on the log-periodic monopole antenna mounted over a
dielectric filled cavity was begun in 1961 after a suggestion of

Fred P, Brownell.



THEORY

Log-Periodic Monopole Antenna Design for Dielectric Mediums

Design procedure for various log-periodic antennas is available
in the literature: Clark, Jones, and Leigh (1962), Brownell (1961),
and Carrel (1961), Elfving (1961), and others. One of these design
procedures is briefly reviewed here because it has been used in the
design and analysis of the log=-periodic monopole antenna.

It is desired, with the log-periodic antenna, to have the driving
point impedance and radiation patterns essentially independent of
frequency. This requires the lengths of the elements to be varied
such that at least one of the elements will be near resonance for any
desired frequency of operation and that the spacing between elements
be such that elements near the resonant element may contribute to
the radiation pattern, thus some gain will be realized. Furthermore,
the transition of electrical characteristics must be smooth as the
radiating segment of elements (active region) shifts along the antenna
with changing frequency.

Certain design parameters, characteristic lengths and angles must
be defined for the design and analysis of the antenna; these parameters

are shown in Figure 2. The taper angle a is defined as

a= tan — (1)



The logarithmic ratio parameter T is defined, for purposes of this

report, as

S

n-1

T :7———/?11'1 = (2)
n Sn

whereLl and Sn are defined as shown in Figure 2, and n is the number

of a general tooth.

(feed -point)
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Figure 2. Characteristic dimensions of a log-periodic monopole
antenna.

The third specification necessary for the antenna design is the
desired frequencies of operation. Thus the log-periodic antenna can
be designed, theoretically, to operate at any range of frequencies
desired. The upper cutoff frequency fh is determined by the length of
the shortest element of the array (or by other stray effects) while the

lower cutoff frequency f1 is controlled by the length of the longest

element.



As shown in equation (2) the lengths and spacings of the elements
are related by the ratio 'I' The length of the elements of order n are
given by ’fnL where L is the length of the longest element. The spac-
ings of elements of order n from the apex are given by 75 where S
is the length of the antenna (the distance from the apex to the longest
element).

For this specific study a log-periodic monopole antenna was
submerged in a dielectric filled cavity (see Figures 3a and 3b). In
previous designs of log-periodic antennas T and a were defined, as
in equations (1) and (2), in terms of lengths. These definitions were
adequate for free space conditions but are not for dielectric mediums.

A more basic understanding of T and a is necessary for the design
of antennas in dielectric mediums. The logarithmic ratio is actually
an array factor, as discussed by Isbell (1960), which relates the
radian phase distances between elements of the antenna. Therefore

by redefining the lengths of Figure 2 in terms of wave lengths A as

£ = an (3)
and S_=BA (4)
This redefines T and a as

= = = (5)

"= 'eﬂ-l A)\n-l B)\n-l 7\n--l
An



3 dimensional view showing antenna under the dielectric cover

N

Figure 3a. Monopole-tooth antenna mounted flush. The antenna
is submerged in the dielectric by placing the dielectric cover over
the filled cavity.

3 dimensional view of antenna without the dielectric cover
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T

Figure 3b. Monopole=tooth antenna mounted flush, The antenna
is flush with the aperture of a dielectric filled cavity. Tllustrated
without the dielectric cover.
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1 BA
- n
and a = tan  m— (6)
n
where ?\n is the wave length of the excitation frequency £ ,
n

A is the relative length of 1n to the wave length 7\n,

B is the relative length of Sn to the wave length of 7\n.
It is therefore apparent that the presence of a dielectric makes no
difference to the logarithmic ratio T, but does alter the taper angle a.

Since 7\n can be expressed as a function of the dielectric medium,

1 7\1'1
R 7
A (7)
t
where N is the wave length in the dielectric medium,

n

?\n is the free space wave length,
equations (5) and (6) can be used to design antennas for dielectric
mediums. The actual design of the antennas for the experimental
part of this study is illustrated in the section on Experimentation.

Analysis of a Log-Periodic Monopole Antenna
When Flush-Mounted Over a Cavity

Bell, Elfving, and Franks (1960) made near-field measurements
of a triangular -tooth antenna. Their study showed that a wave
originated at the apex (antenna feed point) and propagated on the
structure toward the active region of the antenna. In the active region
this wave decayed rapidly because it was launched as a radiated wave,

thus, the wave on the structure had negligible amplitude beyond this
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region. The active region of the antenna is that segment which pro-
duces the radiated wave. This region consists of elements that are
near the resonant frequency and thus contribute the majority of the
energy to the radiated wave.

The active region of the triangular~-tooth antenna investigated by
Bell, Elfving, and Franks (1960) consisted of five elements and
centered approximately on the tooth nearest the resonant length. The
number of elements in the active region is determined by the logarith-
mic ratio T and the taper angle a. For a fixed value of a, more active
elements are associated with a larger T and fewer active elements are
associated with a smaller 7.

Since the log-periodic monopole antenna is an unbalanced structure,
it is fed against a ground plane. With such a structure, the analysis
of the radiation pattern is accomplished by the "Method of Images."
Figure 4 shows the active region of the antenna and its mirror image.
The following derivation of the H-plane radiation equation assumes that
four consecutive antenna elements constitute the active region for an
antenna with the Tand a of this study. This assumption is based on
an estimate of the element impedances, at the frequency of operation,
which determine the elements that contribute the majority of the

energy to the radiation pattern.

The logarithmic ratio T as previously mentioned, is defined as

rpn-l _ Sn-l
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Radiating elements —8

Jie N dfe ed-point

Figure 4, Log=-periodic monopole antenna radiating elements,
Shown is the side view of the antenna and its "mirror image."

_____ -1 T -
] T S L
| 'pm-n !‘—_SN‘&—’.'
: _L o S —
|

N

S5n -

B §N+/ >

Figure 5. General dimensions of the log=periodic monopole
antenna., Distances are from the '"feed' point to the active region of
the antenna,



13
Referring to Figure 5, if jn is the resonant element at frequency fn

then element '(?n

| Tesonates at frequency fn_1 = fn/'r' Element'@l_z

resonates at frequency fn-Z = fn/'TZ and elemen’c/pn+1 resonates at

frequency fn+1 =

TL .
n
The particular log-periodic monopole antenna used in this study
was designed so that the distance from the feed point of the antenna to

the resonant element was one wave length at any frequency within the

range of operation. Therefore,

S =\ =C/f
n n n
where 7\n is the wave length of the resonant frequency,
C is the velocity of light in free space.
Similar expressions may be written for the other distances in the

active region, in terms of T and the excitation frequency fn:

C C
= 7\ = = -
Spe1 " a1 T T Tf (8)
n+l n
_ . C . TC
Spa1 " 7‘n-l T f - f (9)
n~l n
~2
C e
Sh-2 M2 T T - f (10)
n=2 n

The phase shift in radians, dr, as the wave travels between

elements "Pn+1 andjn is
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2m = ST
T(snﬂ-sn)- 2n = ~1) (11)_

radians. The corresponding phase shifts for other active elements
and their ""mirror' can be expressed as shown in Figure 6. If the
antenna is mounted over a cavity in a large conducting sheet the

cavity floor becomes the ground plane, as shown in Figure 7.

dr + 27 (% -1) sing~

~

dr ~
~—

RONNY
dr-[2n(1-T) sind ] ™ <
R AN
dr-[2m(1-T") sin¥ ] [3, ~

Ground plane

~ o
—
-

o=
J¥cy

@

Figure 6. The phase shifts between the active elements and their
images. The distance d_ is the perpendicular distance from the reson-
ant element 1n to the groI{md plane. ¥ is the angle the antenna plane
makes with the ground plane.
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T he cosine law is used to compute the relative distances which
refer the phase shifts of the images to the element ln. Figure 7

shows the definition of the following phase shifts.
Aur
O

A 5

. L "X
Cavity

O
floor)dw:— dvs dvp  8vz \o‘;q N
9

Ip /
® -
’
@j’ ' j/v
N1
Figure 7. Specification of distances between elements. The
distances are in radians of phase shift from the active elements and
images to the resonant element ln.

[oR
H
1

2w (1-7)

1
1 2w (T-l)

[o
H
1}

dr_ = 2[dr - 27 (1-7) sin¥ |
dr = 2dr
o

dr, = 2[dr + 2« (—IT— -1) sin¥ ] (14)
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ar, = {4[dr ¥ zn(—— -1) sin z;] ¥ [2n (—— -1)]
-4fdar + 211-(— -1) sin ¥ ] ZTr(—-— -1) cos (90 —D’)}

drlo

2
d = 2m(l-"T
dr2+ r3 m( )

dr9 = 2[dr - 27 (l—TZ) sin¥ ]

dr

{:4[dr “2w(l-7T ) stnb’] +[l2r (1-7 )] -81-r[dr 2w(l-"7T )s1n1]
(1- 'T' ) cos (90 +X)}

{4[dr -2w(1-1T) sin b’] +[2w(1- 'T)]
8n(1-m[dr-2m(1-T)sin¥] cos(90 +a')}—

dr6

The radiation pattern is the summadtion of the contribution from all of
the radiating elements and their mirror images. Referring to

Figure 8, the radiation equation may be expressed as

L b ) b, . b
E = E el T -E J + E g P70 E e n +E e P
T n-2 n-2 n-1 n-1 n
! df'
_ in -j n+l _ j n+l
Ene + En+1 e En+1 e (15)

where En is the magnitude of the electric field contributed by
elementfn.

The exponential function, \Iln' s are:
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(observation
point)

N

Figure 8. The relative phase shifts of the sources as a function

of 8. The phase shifts are with respect to the reference point % .
These phase differences are calculated from the travel distances from

each element or image to an observation point P.




where angles K,
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wn-Z = dr,, cos 0
ﬂ!'n_z = dr8 cos (K + 9)
\]Jn_l = dr_cos ©
ﬂ”n-l = dr6 cos (C + 6)
’lln: 0
\ll'n = 2dr cos (D + 9)
wn-l—l = dr1 cos 9
‘JJ'n_H = dr5 cos (F - 0) (16)

C, D, and F are expressed as:

2 2 2
i} Cos'l (drlO) +(dr8) -(drg)
2 (drlo) (dr8)
-1 (drz)‘2 + (dré)2 - (dr,l)2
= cos

2 (drz) (dr6)

90° - ¥

(17)
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(drl)2 + (dr5)2 - (dr4)2
2 (drl) (drs)

-1
F = cos

For actual evaluation of ET from equation (15), further informa-
tion is necessary. A relation between the resistance of each monopole
element and the contribution of these monopoles to the radiation field

may be developed as follows:

v

i = = -—r.l—
E_radiated = k I_ 7 (18)

where En = the contribution to the field from the element 1n

In = current at the base of element 1n
Vn = voltage at base of element 1n
Z = base impedance of 1

n n

k = proportionality constant

Similar expressions may be stated for En+1, En-l’ and En-Z'

By normalizing each of the expressions to En, the resulting

expressions are;

En
_—= 1
E

n
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En-l _ Vn-l Zn - I-Vn—ll E,n-l Zn
En Vn Zn-l [Vn ’Zﬁ_ Zn-l
En-2.= Vn-Z Z'n _ |Vn-2|[8n—; Z‘n
En Vn Zn— ’Vn’ [—O"' Zn+2
En+1 _ Vn+1 Zn _ |Vn+1‘(bn+1 Zn (19)
En Vn Zn+1 [Vn'L(_)_ Zn‘}_1

)

where b & ; are the voltage phases with respect to the

n=2" n-17 n+

voltage Vn.

The near-field measurements of Bell, Elfving, and Franks (1960)
showed that two waves existed on the antenna; a transmission line
wave which originated at the apex and propagated toward the active
region, and a radiated wave which propagated away from the active
region toward the apex. It seems proper, therefore, that each element
of the antenna may be considered as a separate monopole antenna, and
the center rod as a transmission line ""feeding" the elements.

In this first order solution of the radiation pattern equation,
mutual impedances have been neglected, except insofar as their effects
may have been included in the estimate of the base impedance of each
element. It was also assumed that the voltage wave, feeding the
active region, remained constant in magnitude but variable in phase

over this region. Thus, {Vn+1|= 'Vn|= an_1| = an-ZI and thus
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equations (19) can be expressed as:

En
T - !
n
En-l _ Zn bn-l
En Zn-l 0
b
En-z n Nne=2
En Zn-Z 0
E 5
En n+l 0

where Zn is the base impedance of element ln,

Z is the base impedance of element 1
n-1 n=-1

bn-Z is the relative voltage phase of Vn-Z with

respect to Vn.

Equation (15) can now be expressed, in normalized form, as

1
ET _ Zn (ejwn-z + bn--Z. _ ej\lf n=2 * bn-—Z)
E Z
n n
Z " + 6 Ut + 5 ¥ ¥
" n (eJ n=-1 n=-1 - ed n-1 n-1)+e_] n__e_] n
Z
n-1
z NIV TS NS L
+ (eJ n+l n+l” n+l n+1) (21)
n+l

For actual calculations using equation (21), the values of



22

U ]
4 ; o
" b
. N .
A / 1
o
u.(, \ ; /
I s
. 5
\ X ~ 4
1 -
¢
P -
’/’
+ *,
i N
’ N
J
/"
]
x
|
’
o
] \ N X,
L N Y ~
\ | ‘
% \ \
A N
R
5 .
.
\
\\
N A}
- <
.l N -
Y]
i
N
|
P SR ! o :
o - o T
. , "

Figure 9. Comparison of measured to computed H-plane
pattern, Computations were made with following values:
T=0.85, a= 14°, ¥ = 15° f= 1,8 Gc.



Zn, Zn+1’ etc., were estimated from the graphs on monopole
impedances in Schelkunoff and Friis (1952). The phase angles of
the voltages ""feeding' the elements in the active region were deter-

mined on the basis that the transmission line wave propagated at

the speed of light through the active region. The results of these

calculations are illustrated in a comparison with the actual measured

radiation pattern as shown in Figure 9.

Basic Considerations for Analysis of the Log=-periodic Monopole
Antenna When Flush-Mounted over a Dielectric Filled Cavity

The problem of deriving and solving equations for electro-
magnetic waves passing through a boundary is a difficult one, except
for simple cases, and, in general, only approximate solutions are
possible. An approach to the derivation of specific interest here is
by a method of virtual sources. For example, Huygen postulated
that a wave front could be visualized as a group of wavelets, i.e.,
virtual sources, which add together to produce a wave front. The
same principles can be applied here if the proper phases and
magnitudes are associated with each virtual source.

The specific problem formulated here is for active sources in a
dielectric which is bounded by a conducting surface on one side and
air on the other. The conducting surface will reflect all the incident
energy. At the dielectric-air boundary, the energy from an incident

wave is divided with part transmitted through the boundary and the

23
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remainder reflected back into the dielectric.

It is obvious that there will be an infinite number of virtual
sources, of various amplitudes and phases, induced on the boundary.
For actual solution only a limited number of these sources, depending
upon their respective amplitudes, are used. Figure 10 illustrates
the number of 1st and 2nd order virtual sources set up at the boundary
by the antenna's active region.

The notation convention selected for the derivation is as follows:

(1) The active region elements are noted as ‘el’ ,?2, 103, and 24,

with ,02 as the resonant element,

(2) The virtual sources induced on the dielectric surface due

to the active elements are noted as ays @, 8gs and a

2’ 3 4’
- - { ¢
(3) The images of the active elements are noted as }1' Iz, ﬁ3’

and ’()'4,
(4) The virtual sources induced on the dielectric surface due to

the images of the active elements are noted as a',, a', a',, and
g 1’ %2 %3

ail,
(5) The images of virtual sources ays aZ’ as and a,are noted
as bilp b72; bi3, and b14,

(6) The images of virtual sources a'l, a'z, a'3, and a'4 are noted

, and b!

4’ etc.,

t 1 1
asbl, bz, b3

(7) The point on the surface directly above any element or image

is noted as rn wheren = 1, 2, 3, or 4 for the respective element,
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(8) The radian phase distances between the line sources and the

reference point r are noted as dn.,, dn_, etc. This is the con-

1 2
vention followed for the terms of the series of virtual sources.
Point r is the point on the dielectric surface directly above the
element _/?z, the resonant element.
Figure 11 shows the reference point r and the virtual sources
on the boundary from the active elements, their images, and the

images from this group (the original virtual sources).

The depth into the dielectric the antenna is submerged is Br radians

Br
= 6
"Fl\rl cos ¢ (26)
where j;rl = the radian distance between point 1 and point rl.

By Snell' s Law

sind Y '2%2

—_— = =
sin ¢ ”’P'lel

or P = sin-1 ( —111— sin ¢) (27)

—- B, B_

'Qlal T Tos &

cos [sin-l(% sin ¢) ]

—~~ ~~ s 1 ~
= = - = —_— - i J
a;;=a;r=rr-ra 2w ( " 1) lla1 sin ¢

Zw(}r— -1) - Br tan l:sin-1 (_rlT sin Cb)] (28)
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Figure 11. A single source and its induced virtual sources.
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The field produced by element jl is split as it passes the boundary
and only a portion of it continues into the next medium (air). The field

contributed at point p (the observation point) from virtual source a, is
L
Ea. = A EO e 21 where A is the transmitted fraction of the energy
1
= 0 bo) i
and q;a a;q cos + a and ba is the phase lag of a
1 1 1
to point r.

1 with respect

The reflected portion of the wave from virtual source ay will

The image b, will be the source of virtual

induce the image b 1

1

source ¢, on the dielectric surface. Referring to Figure 11, itis

obvious that the position of source b1 is a function of O since the

position of ay is a function of 8. By use of geometrical relations the

phase distance of <y with respect to point r, can be expressed as

‘ 2B
_ sin(¥+ ¢‘"{ r cos (¢' +&) + 2dr + 4w (% -1) sin 3}

€11 cos ¢! cos ¢!

-2m (%- -1) + B_ tan ¢* (30)

Where ¢' may be expressed in terms of ¢ or 6 as previously noted.

The field contribution by this virtual image is

- R
E =ABEoeJ ©1 (31)

where A is the transmitted fraction of the wave incident at point c 1

and B is the relative magnitude of the source b1 to ’Ql'
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= 0
' €1 ©Os +bc

where bCI is the phase lag of ¢y with respect to r.

The reflected portion of the wave from the point <y will induce
image dl' This in turn sets up the virtual source f, (see Figure 11).
This process continues indefinitely, with each successive source being
only a fraction of the amplitude of the previous source. Expressions
similar to equation (31) may be set up for these successive virtual
sources.

The energy wave directed from }1 perpendicular to the cavity
floor may be analyzed as an "'image" s0urcelp_l1 (see Figure 11). The
position of 1'1, unlike all the other images induced by the virtual
sources on the boundary, does not change with ® but only with the
cavity floor angle ¥ .

Source 1'1 induces virtual source a.'1 at the boundary which has

a position which is a function of 8. From the geometry of Figure 11,

the phase distance of a.'1 with respect to r can be expressed as

B
o sin (9" +¥) L , r
a' ) = T [2dr + 4T (rr -1) sin ¥ + Cosar]
- 2T (L -1) -B tan & (32)
T r

The contribution to the field at point p (the observation point)

from virtual source a'l is
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E =AE e 21 (33)
where § = a,,cos O+
a

A = the fraction of energy transmitted at the boundary
E; the magnitude of the field from source ,?1 which
would necessarily be there if no boundary existed.
Since a fraction of the energy is reflected and induces a second
image, there will be an infinite series of virtual sources set up by
the '""prime'' image source ;01, that is, similar to the series created
by direct ray from &1.
The total contribution Ofﬂi to the far field is the summation of

all the individual virtual sources on the boundary which are induced

by j)l and its image fi;. Mathematically

E, =E +E +E_ +. +E, +E, +E_, +
L ap ey Fy S T B
or El =AEo(e‘] 1+B¢ CI-I-BceJ 1+....+e‘] a1
1 jlhc' Jq'rFt
+Be 1+ Bce 1+....) (34)

The series described here must converge for physical reasons
since some energy must be transmitted at each virtual source on the

air ~dielectric boundary. The rapidity with which the series converges



is dependent upon the angle 6 and the € - of the dielectric material;
i.e., the higher dielectric constant material reflects more energy
than the lower dielectric constant material. The greater ¢ is, the
more the reflected energy.

Further evaluation of this equation will await programming
for the Utah State University IBM 1620 computer. Such a program
is planned and is essential if the very large number of calculations

are to be performed in a reasonable time.

31
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EXPERIMENTATION
Procedure

The log-periodic monopole antennas used in the experimental
portion of this study are shown in Figures (12a), (12b), and (12c).
Each antenna was designed for upper and lower cutoff frequencies
of 4.0 Gc and 2.0 Gc respectively. They were assumed to be sub-
merged in dielectric. The design was accomplished by setting the
length of the longest and shortest elements at 0. 25N where A is the
wave length of the lowest or highest frequency of the desired range,
(2.0 to 4. 0 Gc). The distance from the apex to the resonant element
was chosen to be 7\n, the wave length of the excitation frequency.

This determined the antenna's taper angle since

a = tan

The logarithmic ratio T was chosen to be 0.85 which determined the
spacing between the elements.

The antennas were constructed of 1/16 inch diameter copper
rods with elements soldered onto a center rod.

The cavity dimensions were as shown in Figures (13a), (13b), and

(13c). For each cavity the perpendicular distant from the cavity floor
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Figure 13a. Perspective view of cavity €= '1.0. Antenna is
shown in mounted position.



Figure 13b. Perspective view of cavity, € = 2.25. Cavity
is shown without dielectric cover. Cavity dimen§ions are noted.

Figure 13c. Perspective view of cavity, € = 4,00, Cavity
is shown without dielectric cover. Cavity dimensions are noted.

37
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to the active antenna element was designed to be 0. 25 7\n. The distance
from the longest element to the back wall of the cavity was chosen to be
0.25 7\L. Previous investigation by Clark, Jones, and Leigh, (1962)
indicated that the spacing of the antenna relative to the back and side
walls of the cavity, if not too small, have negliglble effects upon the
characteristics of the radiating structure.

The cavities were constructed of brass sheets. The sheet size was
sufficient to allow the sheet to extend in all directions at least 1 wave
length at the lowest frequency.

From the three basic cavities, radiation field patterns of the E-
and H-planes and driving point impedances were measured.

These radiation field patterns were measured on a standard
antenna pattern range. The superheterodyne detection system shown
in Figure 14 was used. The resulting patterns are relative field inten-
sity (linear voltage) plots. The coordinate system of Figure 16 was used.
The driving point impedances were measured for the structures by the

slotted line methods described by Smith (1944). The impedance test

setup is shown in Figure 15.
Results

The experimental results presented here were obtained from models
described in Figures (13a), (13b), and (13c).

Normalized plots of impedance vs. frequency for € = 1. 00, 2.25,

and 4. 00 are presented in Figures 17 through 19.
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R-F
Gen.
HP-616-A

Figure 14, Pattern measurement arrangement.

Antenna

Model
J |

Rcvr.
AN-APR -4 44—
Polar
Recorder o EE— Rotator
SA-=122-B

SWR
Indicator
HP-415-B

I

R-F
Gen.
HP-616-A

Slotted
Line
HP-805-A

Figure 15.

Antenna

P
Model

Impedance measurement arrangement.
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Figure 18a. Antenna impedance, € = 2.25. Dielectric
cover thickness = 3/16 inch. The impr:]iancc is normalized to
50 ohms. I“requencies shown in Ge,
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Figure 18b. Antenna impedance, ¢_ = 2.25. Dielectric
cover thickness = 5/16 inch. The impedance is normalized to

50 ohms.

Frequencies shown in Gc.
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Figure 19, Antenna impedance, €« = 4,0, Dielectric
cover thickness = 9/32 inch. The impedance is normalized to
50 ohms. Freq. is shown in Gec.
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Typical experimental radiation patterns are presented in Figures 20
through 23. Tables 1 through 3 present specific information on all
measured radiation patterns of the three model variations at various

frequencies.



Figure 20a. H-plane pattern Vs. frequency, ¢ r
Linear voltage plot of an antenna-cavity assembly wi
6 = variable.

= 1.
th ¢

0.

0°,

46



Figure 20b. L-plane pattern Vs. frequency, e = 1. 0.
A linear voltage plot of an antenna-cavity assembly with ¢ = 0°

8 = variable.
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Figure 2la. H-plane pattern Vs. frequency, ¢ ;- 2.25.
Linear voltage plot.
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Figure 21b. E-plane pattern Vs. frequency, tr = 2.25.
A linear voltage plot.
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= 4,0,

Figure 22b. E-plane pattern Vs. Frequency, €

A linear voltage plot.



Figure 23a. H-plane patterns Vs. ¢ "y

plot with frequency = 2.2 Gc.

A linear voltage
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Table la. H-plane radiation data, € - 1.0.

Frequency Observation of Radiation Lobes Comments
2.2 Ge Main lobe 65° . 5 No side lobes
1/2 power points 90 and 45
. o o .
2.5 Gce Main lobe 65 - 70 o o No side lobes
1/2 power points 92 and 47
. o o .
3.0 Ge Main lobe 65 - 65 o o No side lobes
1/2 power points 90 and 45
3.5 Ge Main lobe 60°- 6500 o Side lobes formgng
1/2 power points 90 and 45 at 120° and 155
4.0 Ge Main lobe 60° . . Large side lobes at
1/2 power point 100 and 35 120° and 150°

(Considerable noise
on pattern)

Table 1b. E-plane radiation data, €. = 1.0.

Frequency Observation of Radiation Lobes Comments

2.2 Ge Main lobe 0° N
1/2 power points + 22

2.5 Ge Main lobe 0°
1/2 power points + 23

3.0 Ge Main lobe 0°
1/2 power points + 20

3.5 Ge Main lobe -5°
1/2 power points + 22

4.0 Gc Main lobe 0° .
1/2 power points + 22
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Table 2a. H-plane radiation data, er = 2.25.

Frequency Observation of Radiation Lobes Comments

2.2 Ge Main lobe 65° - 70° No side lobes
1/2 power points 95° and 30°

2.5 Ge Main lobe 65° - 70°
1/2 power points 95° and 30°

3.0 Gc Main lobe 65° - 70°
1/2 power points 95° and 30°

3.5 Gec Main lobe 60°- 65° o
1/2 power points 95 and 35°

4.0 Gc Main lobe 65°- 70° Main lobe has
1/2 power points 90° and 45° sharpened up consid-
erably but no side
lobes

Table 2b. E-plane radiation data, er = 2.25.

Frequency Observation of Radiation Lobes Comments

2.2 Gc Main lobe 0°
1/2 power points + 28°

2.5 Gc Main lobe 0°
1/2 power points + 28°

3.0 Gc Main lobe 0°
1/2 power points + 30°

3.5 Gce Main lobe 0°
1/2 power points + 25°

4,0 Gc Main lobe 0° Side lobes formed
1/2 power points +20° and ~30° Not syrgmetrical
about 0




Table 3a. H-plane radiation data, er = 4,0,
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Frequency Observation of Radiation Lobes

Comments

2.2 Ge Main lobe 70° . .
1/2 power points 105 and 35

2.5 Gc Main lobe 70° S 5
1/2 power points 105 and 38

3.0 Ge Main lobe 40° . S
1/2 power points 105  and 25

Lobe at 400 was
about 2db larger o
than the lobe at 75

3.5 Gce Main lobe 50° o o
1/2 power points 68 and 28

Side lobes at 105°
with its 1/2 power
points at 130° and
750. Peak is about
7db below main lobe.

4.0 Ge Main lobe 30° . .
1/2 power points 40 and 13

Sid% lobes at 950 and
128°. 1/2 power
points: 80° and 1050;
120° and 130°. About
2db and 7db below
main lobe.
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Table 3b. E-plane radiation data, er = 4.0.

Frequency Observation of Radiation Lobes Comments
2.2 Ge Main lobe 0° . Small side lobes at
1/2 power points + 50 +25°, +55°, -25°,
-55°
2.5 Ge Main lobe 0° Slight side lobes

1/2 power points + 35

3.0 Gc Main lobe 0° Slight side lobes
1/2 power points + 30

3.5 Ge Main lobe 0° Side lobes at +25%
1/2 power points + 15 +550, -250, and -65°.
These are about 1.5
db below main lobe,

4.0 Gc Main lobe +20° Negligible side lobes
. o o
1/2 power points +35 and -5
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DISCUSSION AND CONCLUSIONS

In this part of the report, the experimental results are sum-
marized and discussed.

In a previous section, the H-plane radiation equation, equation (21),
was derived for an air dielectric cavity and evaluated for different
values of the elevation angle 8. The close agreement of the calculated
pattern with the measured radiation pattern (see Figure 9) illustrates
that the approximations made for the analysis were nearly correct.
Similar approximations may hold true when the antenna is submerged
in a dielectric medium.

Three important assumptions about the antenna are verified by
the agreement of the calculations with the measured pattern. These
are:

(1) The active region of the antenna can be determined by estim-

ating the base impedance of each element, at the operating

frequency, and thus determine the contributions of each element
to the radiation pattern,

(2) The center bar of the antenna acts as a transmission line,

(3) The velocity of the voltage wave on the center bar is approx-

imately uniform over the active region.

Figures 21 and 22 show that, for the models in which Er = 1.0

and Er = 2.25, the directions and shapes of the antenna's radiation
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lobes vary slightly with a change of frequency but they are essentially
independent of frequency.

The radiation patterns for the model in which er = 4.0 (Figure 22a),
while still a broadband antenna, did not show frequency independent
radiation characteristics as effectively as the other models. A
possible reason for this may be in the precision of construction of the
antenna. For this dielectric constant, the physical size of the antenna
is much smaller than the previous two models, as shown in Figures 13
and 14. Precision of construction is important to insure proper phase
relations between the elements. Further investigation is needed to
determine the design criterion necessary to permit full "frequency
independent' performance from log periodic antennas immersed in
high permittivity dielectrics.

The side lobes for the E-plane patterns shown in Figure 22b are
also noted to occur in the pattérns for the antenna model in which
er = 2.25 (Figure 21b). The cause of this is perhaps related to the
dielectric cover. Inspection of Figure 3a shows that the dielectric cover
used over the antenna after the antenna was fitted in the cavity protrudes

slightly above the surface of the brass sheet. It is possible that energy,

reflected around in the dielectric, could emerge in small amounts through

the side of the dielectric which is not within the cavity.
In Figures 20 through 22, 3.5 Gc is shown as the highest frequency
used for the radiation patterns. Observation of the Tables will indicate

that at 4 Gc the patterns of each model are not similar to the previous



patterns. The number of elements composing the active region is not
the same at 4. 0 Gc as at lower frequency. As noted in the theory, the
highest frequency of operation is determined by the length of the shortest
element. The shortest element is resonant at 4. 0 Gec and shorter
elements are not practical in this design. Since the active region, for
the T and a selected for this investigation, consisted of four elements,
operation at 4. 0 Gc changes the active region from four elements to

two elements. With this change in the active region, the radiation
patterns and driving point impedances are expected to deviate from the
measurements made at lower frequencies.

A fourth item of importance is illustrated in Figure 22a and 22b.
Comparison of the radiation patterns (both E- and H-planes), for a
constant frequency but different dielectric materials, shows that the
beam width increases with an increase in the relative dielectric
constant er. The exact analytic explanation for this beam broadening
effect is not presently possible, but certain general points, which
determine the pattern, should be discussed.

The general radiation pattern is determined by the amplitudes and
relative phases of all virtual sources along the dielectric -air boundary.
There is an infinite number of these virtual sources on the boundary and
only those of significant amplitude have any important effect upon the
radiation pattern. With an increase in the dielectric constant of the
medium, the number of significant virtual sources increases. This is

because the reflected energy at the boundary is larger with higher
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dielectric constant. Associated with the virtual source amplitudes

are the various phases, These phases are determined by the propaga-
tion path lengths to each of the virtual sources from the active antenna
element which caused it.

The beam width of the antenna can be changed (narrowed or widened)
by controlling the phase of each virtual source. The number of virtual
sources and the amplitude of each is determined by the dielectric
constant of the material filling the cavity. It appears that in the examples
of this study the phases of the various virtual sources are not in the
optimum phases for maximum beam sharpness. The phase relations
between these virtual sources can be changed by changing the cavity
floor angle ¥ . An investigation into control of the beam width by this
method is suggested and could yield an improved cavity design for
minimum beam width.

The plots of the driving point impedances for the various antenna-
cavity models (Figures 17 through 19) show that the impedance char-
acteristics essentially repeat periodically when submerged in a dielectric.
The general impedance spirals shown are in the general area of low
VSWR; thus it can be expected to operate effectively on a system which
has a 50 ohm feed line.

To investigate experimentally the effects of the dielectric cover
thickness, one antenna model was constructed with two different covers.
The radiation patterns taken with these two covers were nearly identical.

Therefore, they were not recorded in this report. The driving point
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impedances measured with the two different covers differed slightly
in the spiral characteristics (Figures 18a and 18b), but they still
presented essentially the same impedance variation.

The advantages inherent in an increased dielectric constant material
is the reduced physical size of the antenna and cavity. The floor angle
of the ca.vityJTS)remains'constant for any er used because the
dielectric causes the active region to appear nearer the apex at a given
frequency thus allowing for a reduced spacing between a resonant
element and the floor as required by the presence of the dielectric. It
is clear that use of the dielectric permits use of a cavity which is
shorter for a given lowest frequency than with a dielectric. Since the
floor angle, ¥ , remains constant, a shorter cavity represents an
important saving in volume. If the premittivity could be carried to an
extreme, say 100, a very compact structure would result. The practical

problems remain to be solved at ¢ . > 4,
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SUGGESTIONS FOR FUTURE WORK

The following areas for future study of log-periodic antennas
have evolved from the present study.

(1) Determination of the characteristics of an etched antenna

mounted on the surface of the dielectric filling of the cavity.

(2) Careful measurement of phase and magnitude of current

distributions in the active region of the antenna.

(3) Further study to refine the design criteria of the log-

periodic antenna to permit full "frequency independent'

performance when the antenna is emerged in a high permit-

tivity dielectric material.

(4) Study of the antenna design for wide band operation over

a 10:1 frequency range.

(5) Study of the means of controlling radiation patterns by

antenna-cavity design.
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